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I o.4Introuuction

This report describes the work performed by Texas Instruments under

Contract N0004-75-C-0107 during the period 16 October 1974 to 1 March 1978.

Contract N00014-75-C-0107 includes the development and construction of the

Programmable Acoustic Recorder (PAR) electronics together with the development

of operational software. Effort under this contract also includes acceptance

testing of the PAR system electronics; PAR mechanical design, construction,

and testing; underwater cable and hydrophone/pre-amp assembly design and con-

struction; and a refurbishment of the Acoustic Data Capsules (ACODAC), S/N's

002 and 005.

II. Purpose

Specific requirements of the contract are shown to be satisfied as

follows:

Sequence number AO01, Status of Funds Report of the Contract Data

Requirements List (CDRL) had been deleted in modification PO0003.

Sequence number A002, Final Report of Systems Design Phase I, was

deleted in modification PO0004.

I Sequence numbers A003 and A004, Computer Software Listing and the

Operator's and Maintenance Manual, were completed on 25 March 1977

and submitted as the PAR Electronics Manual.

Sequence number AO05, Final Technical Report, shall be satisfied

with this report.

Sequence number A006, Progress Reports, have been submitted as re-

quired, and have been forwarded under separate cover or presented

at briefings.

Sequence number A007, Software Instructions and Operator's Manual,

was submitted for customer approval on 31 October 1977.

I III. Programmable Acoustic Recorder Technical Summary

The PAR system is a microprocessor-controlled midwatfr acoustic

measuring and recording system. Specific considerations for the development

of the PAR electronics and its support equipment are listed in Attachment

1 of P00005 (revised from Attachments 1 of PO0001 and P00002). All of these

I characteristics have been incorporated into the PAR system. Detailed des-

criptions of the various circuits of the PAR system are found in the PAR
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Electronics Manual (Sequence number A004). Task I of P00006 calls for

j an acceptance test of the PAR electronics to be performed, and a data

analysis to be done on the magnetic tapes produced from this test.

I Results of this task are included in this report. Task 2 of P00006 was the

Computer Software Development (Sequence number A003) and the results are

j also in the PAR Electronics Manual.

Specifications for mechanical designs of the PAR, along with

electronic and electromechanical hardware associated with PAR's and

ACODAC's, are listed in Attachment III of P00007. The center rings

and pre-amp housings had special procedures for construction and testing

I to insure operation in the hostile temperatures and pressures deep in

the ocean. Tests on EM cable led to a redesign using a differential trans-

j mission line for better crosstalk characteristics. This resulted in the design

of a differential input buffer. New pre-amps with a calibration feature and

I pre-settable functions, (shot/ambient recording, adjustable gain and bandwidth)

were designed to complement the differential input buffers.

I IV. Programmable Acoustic Recorder Characterization Study

The PAR electronics packages have been tested to define operational

characteristics and performance. This characterization test was performed in

two steps. First, the systems were optimized under environmental conditions.

Then the characterization and performance parameters of the system were measured.

Optimization of the PAR tape recording system consisted of determining the

optimum bias record and reference marker levels. System characterization con-

sisted of dctermining the linear dynamic range, gain linearity, frequency response,

frequency modulation noise, self noise, harmonic distortion, intermodulation

distortion, and interchannel crosstalk.

A. System Preparation

Data for determining the optimization parameters was recorded

on each system under environmental conditions, while data for determining the

characterization parameters was recorded on each system under both laboratory

and environmental conditions. Under laboratory conditions the PAR electronics

and tape recording systems operated at atmospheric temperature, pressure

and humidity with no attempt being made to control these parameters. Under

environmental conditions the PAR electronics and recording systems were

placed in an environmental chamber where a constant temperatfie~f O0C, pres-

sure of 16 in. mercury, and humidity le than-O( ere Oini, on&I. Additionally

V 9 9 .. ..



the tape recording package was shock mounted on a vibration isolating base.

After performing the system functional checks and alignment

as provided in the PAR Acceptance Test Procedure No. 2024211, data for system

optimization was recorded using the configuration shown in Figure 1. The

PAR systems were adjusted to the optimum bias and record levels, and the

characterization data was then recorded with the configuration of equipment

shown in Figure 2. All data was recorded on new Ampex 787 tapes degaussed with

I the GKI Model K-80 magnetic tape eraser.

B. Data Quality

The system used for recording data for the characterization

study (Figure 2) included a circuit to compensate the input signal for the

effects of pre-emphasis in the PAR electronics package. When the circuit

was loaded by the PAR electronics package it malfunctioned and overloaded,

producing an output waveform as shown in Figure 3. The asymmetric shape of

the output waveform emphasized the even harmonics while the squared off negative

I lobe emphasized thL odd harmonics. The problem was not discovered and corrected

until all data for system 1 in both the laboratory and environmental chamber

had been recorded. Data recorded on system 2 in the environmental chamber, with

the exception of the interchannel crosstalk data, is also contaminated. Only

system 2 data recorded in the laboratory is completely free of the problem.

The extent of the problem is illustrated by comparing Figures

4,5,6, and 7 which show the spectra of 25 Hz and 100 Hz tones recorded on system

2 at a 0.3 VRMS (-lOdB) level under laboratory and environmental conditions.

The second and third harmonics art quite obvious under environmental con-

j ditions where the pre-emphasis compensation c "'Wt is overloaded and they

disappear under laboratory conditions where the overload is eliminated.

I t aEven though the harmonic content of the data is severly con-

taminated, some useful data can be recovered from these tapes. Since Figures

i4 through 7 show that the magni. 'e of the main lobe was not affected, the

linear dynamic range, gain linearity, and interchannel crosstalk can be deter-

mined. The white noise signal used for the frequency response characterizations

was also severly distorted and useless on those sections recorded before the

problem was repaired; however, the linear dynamic range data does provide a

j limited amount of data from which frequency response can be inferred. Self noise

data is uncontaminated Since the inputs to the PAR electronics were grounded at

the signal source test set (See Figure 2), hence these determinations can be made.

3
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The main impact of the problem is centered on those tests

I designed to measure harmonic distortion and frequency modulation noise.

Due to the enhancement and introduction of harmonics by the pre-emphasis

compensation network, it is difficult to draw direct conclusions about the

presence and magnitude of harmonics and/or sidelobes in the spectra of the

linear dynamic range data on system 1. The data recorded in the environ-
I mental chamber on system 2 is likewise contaminated.

1 C. Data Processing Techniques

1. Optimization Data

Optimization data was processed using a Hewlett Packard

wave analyzer. Data tapes were reproduced at 1 7/8 ips (16 times real time),

j low pass filtei.d -t 5000 Hz, (312 Hz real time) and input to the wave
analyzer. The analyzer produced spectral plots with a resolution of 30 Hz

(1.875 Hz real time) over the range 0 to 5 KHz. (0 to 312 Hz real time).

These plots were then analyzed to determine the desired parameters.

2. Characterization Data

Characterization data sequences were analyzed with the

T1980A computer system shown in Figure 8. Data tapes were reproduced at

5 1 7/8 ips and 30 ips. (16:1 and 256:1 increase in speed over real time res-

pectively). At 1 7/8 ips data was low-pass filtered at 5000 Hz (312 Hz

real time), sampled by an A/D converter at a rate of 14.2 KHz (888 Hz real

time), and analyzed with a 1024 point FFT. Twenty second averages were computed

to provide data in the 25 to 300 Hz range.

At 30 ips the data was low-pass filtered at 6900 Hz (27

Hz real time), sampled by the A/D converter at a rate of 14.2 KHz (55 HzIreal time), and analyzed with a 256 point FFT. Twenty second 'averages were

again computed to provide data in the 1.5 to 25 Hz range. All data was

I compensated for any signal gain introduced by the processing system.

11
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D. System Optimization
A sequence of signals was recorded under the simulated environ-

mental conditions for the purpose of optimizing the PAR tape recording system.

1. Optimum Bias Level

Sine waves with frequencies of 6.25, 25, 100, 400, and

1000 !1z were recorded at .5 VRMS for bias levels of 2.0, 2.3, 2.5, 2.7,

and 3.0 VRMS. Each channel was individually analyzed and evaluated for

optimum frequency response and harmonic distortion. Figures 9 and 10 show

the optimum bias levels for system 1 and system 2 respectively.

2. Maximum Record Level

With the bias levels set as determined in paragraph 1

above, a 100 Hz sine .,ave was recorded at levels of 0.5, 0.7, 0.9, 1.1,

1.3, and I.,, VRMS. The maximum record level, defined as that level which

produces third harmonic distortion of 1% (-40db), was determined to be 1 VRMS

*for both sy'ten, 1 and system 2.

3. Optimum Refererce Marker Level

The reference marker was recorded at levels of 0.7, 0.5,

0.3, and 0.1 VRMS mixed wit;h white noise. Analysis of the reproduced signal

I using a bandpass filter revealed that the reference marker level is dependent

on the amplitude of the reference cone. The optinium reference marker level

j was determined to be 2.5 times the implituJe of the reference tone, i.e.

the ratio of the peak to peak amplitude if the reference marker to the re-

ference tone is 2.5:1.

E. System Characterization

Seve'al sequences of signals were recorded under both sioulated

environmental and laboratory conditions for the purpose of character'4iing the

PAR electronic systems in terms of performance. A discussion of the tests

performed and the resulting characteristics of PAR systems I and 2 follows:

I 1. Linear Dynamic Range

a. Data Recorded

Single tones of 1.5 Hz, 3.0 Hz, 6.25 Hz, 12 Hz,

25 Hz, 100 Hz, 200 Hz, and 300 Hz were recorded on all channels at +3, 0,

i -6, -10, -20, -30, -40, and -50 dB re I VRMS. The gain in the PAR electronics

was set to OdB.

13
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I

b. System 1

S| Linear dynamic range data was analyzed at all fre-

quencies on channels 2, 6, and 7. The 1.5 Hz, 3.0 Hz, 6.25 Hz, and 12 Hz

tones were analyzed on channels 1, 3, 4, and 5. The 25 Hz, 100 Hz, 200

Hz, and 300 Hz tones were analyzed on channels 2, 6, and 7. All analyzed

data was recorded in the environmental chamber and was contaminated by

harmonics introduced by the pre-emphasis compensation circuit as discussed

above. A summary of the dynamic range of each channel at each frequency is

contained in Figure 11. Figures 12 through 15 graphically display the data

for selected channels.

Careful examination of the plots and the summary

table reveals that system 1 is linear over the range of -6 dB to -40 dB

at all frequencies on all channels. The range is limited by a low signal
I to noise ratio at the -50 dB level making it difficult to accurately determine

the existence of a tone. At input levels greater than -6 dB the linearity of the

system seems to vary from channel to channel. However, by limiting input

signal levels to fall in the range of -40 dB to -6 dB, linearity of the system

1 i1 will be assured over the entire range of frequencies from 1.5 Hz to 300 Hz.

c. System 2

4 Linear dynamic range data under environmental con-

ditions was analyzed for all frequencies on channel 13. The 25 Hz, 100

Hz, 200 Hz, and 300 Hz tones were analyzed on channels 1-6; the 1.5 Hz,

3.0 Hz, 6.25 Hz, and 12 Hz tones were analyzed or. channels 7-9, 11, and

12. Data recorded under laboratory conditions was analyzed at 6.25 Hz,

25 Hz, and 100 Hz on channels 2 and 13 for input levels of 0, -6, -10,

-20, and -40 dB. A summary of the dynamic range of each channel at each

I frequency is contained in Figure 16 (environmental data) and Figure 17

(laboratory data). Figures 18 through 20 graphically display the data for

selected channels.

Careful examination of these plots and the summary

table reveals that system 2 is linear over the range of -40 dB to -6 dB.
The limiting factors on the dynamic range of system 2 are the same as discussed

previously for system I.

16
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The dynamic range of laboratory recorded data is also

j -40 dB to -6 dB. A comparison of data recorded under laboratory conditions

with that recorded under environmental conditions (Figures 16 and 17) reveals

SI that dynamic range is not a function of temperature.

2. Gain Linearity

j a. Data Recorded

The linearity of the gain ranging electronics was

determined by recording a 50 Hz tone on all channels simultaneously. Starting

at an amplitude of .5 VRMS (-6 dB) and a gain of 0 dB in the PAR electronics,

the signal amplitude was decreased in 6 dB step, while simultaneously increasing

the gain in 6 dB steps.
b. System 1

tFigures:2 through 28 show the spectrum of the 50

Hz tone at each gain state for channel 6. The other channels produced

similar results and also displayed the enhanced harmonics due to the pre-emphasis

compensation problem described above.

Figure 29 lists the processed signal level dt each

gain state for channel 6. The table and plots show that the gain ranging elec-

tronics on channel 6 of PAR system I produced a 6 + 0.5 dB gain step between

adjacent states. The other channels of system I showed similar increments

between adjacent states.

c. System 2

Figures 30 through 37 show the spectra of the 50

Hz tone recorded on channel 13 under laboratory conditions. The signal

strength at each gain state is tabulated in Figure 29. This data shows

that there is a 6 + 0.5 dB increment between adjacent gain states on channel

13. Similar results were obtained for all the other channels under laboratory
i conditions.

Since no significant differences were noted between

environmental and laboratory data, it can be concluded that the gains of the

I data amplifiers are independent of temperature.

2
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I
3. Frequency Response

a. Data Recorded

The frequency response for each gain state was

determined by recording white noise, bandlimited at 300 Hz and adjusted
to provide a record level of 0 dB at each gain state on all channels simul-

taneously.

b. System 1

Since this section of data was contaminated

due to the pre-emphasis compensation circuit problem discussed previously,

j no direct determination of frequency response can be made for all gain states.

Using the linear dynamic range data, a plot

of the frequency response at gain state 0 was constructed for channel

7 (Figure 38). This channel shows a flat response across the frequency

j range from 3 Hz to 300 Hz.

This response determined for system I from linear

dynamic range data corresponds closely to the response of system 2 determined

I from the uncontaminated laboratory data at gain state 0. Since there was

no temperature dependence noted in the linear dynamic range or gain linearity

data, and since system 1 and system 2 exhibit similar characteristics for

linear dynamic range, gain linearity, and self noise (subsection E-4), it can

be expected that the frequency response characteristics of system I corres-

pond to the frequency response characteristics of system 2 as discussed

j below.
C. System 2

Data recorded in the environmental chamber was

contaminated by the pre-emphasis circuit problem. A frequency response

A curve (Figure 39) was drawn from the linear dynamic range data a:J shows

a flat response across the frequency range from 25 Hz to 300 Hz on channel
S,5.

Under laboratory conditions the white noise
data recorded for the purpose of determining frequency response was uncon-

ft mtaminated. Figures 40 through 46 show the white noise spectrum on channel

7 at each gain state. These plots show that the frequency response is not
I Ia function of gain state. At all gain states system ? showed a flat res-

ponse across the range of frequencies from 25 to 300 Hz. This response re-

sembles that obtained from the linear dynamic range data for system 2 under

45
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environmental conditions. Since the linear dynamic range data and the-gain
m linearity data showed no temperature dependence it can be inferred that

the frequency response of system 2 under environmental conditions is not

a function of gain state and shows a flat response across the frequency

range 25 Hz to 300 Hz.

d. Interpretation of Frequency Response Data

Since the input signal was compensated for the

j. effects of pre-emphasis in the PAR signal conditioning circuits, the ex-

pected frequency response of the system was a "flat" response across the

spectrum. This coincides with the processed results.

The test as performed here can be used to show

that frequency response is independent of gain state. The true frequency

response of the system can be inferred from the response of the PAR system

pre-emphasis shown in Figure 47. It is obvious from this figure that pre-

I emphasis should roll the input signal up by a factor close to the theoretical

6 dB per octave at frequencies above 50 Hz.

4. Self Noise

a. Data Recorded

Sequences of data were recorded with inputs to the

PAR electronics packages terminated in the characteristic impedance of the

pre-amp. Data amplifier gains were set to 0, 18, 30, and 42 dB.

b. System I

Since noise data was not sent through the pre-

Semphasis compensation network, noise data is uncontaminated and can be used

for a determination of the noise floor of system 1.

Figures 48 through 51 show the spectrum of the noise

data on channel 7 in gain state 0, 3, 5, and 7 to be -50 dBV/Hz over the fre-

I quency region greater than 100 Hz and to increase slightly in the region

below 100 Hz. Similar results were obtained from the other channels in

3 system I and there was less than 5 d8 variation in noise level among the

.3 channels.

c. System 21
Figures 52 through 55 Show the noise floor of channel

13 under laboratory conditions at gain states 0, 3, 5, and 7. Gain states j
I 3, 5, and 7 have picked up and amplified the 60 Hz line current used to

power the system. For comparison purposes Figure 56 shows the self noise
at gain state 0 on channel 13 under environmental conditions. The 195 Hz

spike in the environmental data is a latent signature on the tape. A com-

I parison of the environmental and laboratory data shows no difference in
noise level; the system noise floor is completely independent of temperature.
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Similar results were obtained on all other channels.

As with system 1, the noise floor variation from channel to channel is less

than 5 dB, and is independent of temperature.

5. Frequency Modulation Noise

a. Data Recorded
I Data recorded for the linear dynamic range, gain

linearity, and interchannel crosstalk was used to determine the magnitude

j and frequency of any sidebands present.

b. System I

Even though the linear dynamic range data was con-

taminated under both laboratory and environmental conditions by the pre-

emphasis compensation circuit, some evidence of sidelobes can be seen in the

spectra of the 50 Hz tone used for the gain linearity check (Figures 19

through 26). These sidelobes appear at all gain states and are on the order

of 25 dB below the primary peak equally spaced about 5 Hz away from the

primary lobe on either side. However, since these sidelobes do not appear

on similar data that is recorded on system 2 under laboratory conditions

(without overloaded pre-emphasis compensation circuit), it is possible that

I they may be associated with the above described pre-emphasis compensation

circuit problem. It is also possible they are actually introduced by the

digitization process as described in the next paragraph.

c. System 2

As mentioned previously there is no evidence of

the presence of sidelobes in the spectra of the 50 Hz tone used for the

gain linearity test. However, the 50 Hz tone recorded for the interchannel

crosstalk test does show these same sidelobes. Sidelobes are also presen.t

in some sections of the linear dynamic range data, but not in all sections

_ I(See Figures 4 through 7).

A possible explanation for the appearance of these

particular sidelobes follows from the fact that all data was sampled by

an A/D converter driven by a clock not synchronized to the reproduce tape

recorder. Since the data was reproduced without tape speed compensation,

the sidelobes could be the result of a constant rate clock being used to

sample a tone varying in frequency due to recorder wow and flutter. If
this were the case, a samplh clock synchronized to the playback speed or

tape speed compensation should eliminate the problem.

6. Harmonic Distortion

a. Data Recorded
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I
Linear dynamic range data wat used to determine

i the magnitude of any harmonics of the primary tone present in the spectrum.

b. System 1

J Since the pre-emphasis compensation circuit con-

taminated the harmonic content of system I data, no direct conclusions can

j be drawn about the presence of harmonics in the primary tone. However,

since the characteristics of system 1 and system 2 have been similar for

the other tests performed, there should also be a similarity between systems

in terms of harmonic distortion. Therefore, the second, third, and fourth

harmonics would be expected to be at least 35 dB below the main lobe as

I is discussed in paragraph c for system 2.

c. System 2

jData recorded in the laboratory was free of any

spurious harmonics from the pre-emphasis compensation circuit. The spectra

Sof the 25 Hz and 100 Hz tones shown in Figures 4 and 5 show no evidence

of second or third harmonics in their spectra. The 25 Hz peak is approxi-

mately 35 dB above the noise level at 50 Hz and 40 dB above the noise at

75 Hz. Similarly the 100 Hz peak is over 40 dB above the noise levels at

200 Hz and 300 Hz. Based cn the fact that other characteristics of the

PAR system are temperature independent, it is reasonable to expect that en-

vironmental data would exhibit harmonic distortion similar to that observed

in the laboratory. In this case the environmental data should have shown

no evidence of second or third harmonics at 25 or 100 Hz. Similar results

would also be expected on all channels, since no significant channel to

channel variations have been noted in other tests.

1 7. Interchannel Crosstalk

a. Data Recorded

Single sine waves of 50 Hz and 300 Hz were recorded

on each channel separately. The signal level was set to -6 dB with data

amplifier gain set to minimum gain. Inputs to channels on which the tones

are not recorded are terminated in the characteristic impedance of the hy-

drophone pre-amplifiers.
j b. System 1

Figures 57 through 82 show the spectra of the 50

Hz and 300 Hz tone recorded in the environmental chamber from the same section

of data on channels 1-13. The tone, recorded on channel 1, is at least

50 dB above the noise floor. On channels 2,3,5,7,8,11,12, and 13 there is

some evidence of the 50 Hz tone, and on channels 3, 7, 8, 9, 11, 12, and
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13 there is some evidence of the 300 Hz tone. In all cases the crosstalk

component is at least 50 dB below the primary tone and no more than 5 dB

above the noise floor. Similar results were noted when the signals were

recorded on other channels; consequently, it can be concluded that the system

crosstalk is better than 50 dB below the normal record level.

IC. System 2
Figures 83 through 108 show the spectra of the 50

j Hz and 300 Hz tone recorded in the environmental chamber from the same

section of data on channels 1-13. The tonps which were recorded on channel

1 are at least 50 dB above the noise floor. Some evidence of the 50 Hz

tone is seen to be leaking into channels 3, 4, 8, and 11. The 300 Hz tone

may be leaking into channels 3 and 6. In all cases these crosstalk tones

are at least 50 dB below the primary tone on channel 1 and no more than

7 dB above the noise floor of the particular channel. Similar results were

obtained from data samples recorded on channels 2-13. Again, as with system
1, it can be concluded that crosstalk is better than 50 dB below the normal

it• record level.

8. Intermodulation Distortion

f a. Data Recorded

Two sine waves of 20 Hz and 110 Hz with equal ampli-

tudes and whose composite amplitude is -10 dB were recorded with the data amp-

lifier gain set to 0 dB.

b. System I

Since all data recorded in system 1 was contaminated

by the problem in the pre-emphasis circuit, no direct determination of inter-

modulation distortion could be made. The magnitude of the sum and difference

components can only be inferred from the characteristics of system 2 as

described in paragraph c. below.

c. System 2

Figures 109 and 110 show the spectra of the inter-

modulation distortion data recorded under laboratory conditions on channel

13. Inspection of these spectra does not reveal any significant sum or

difference component. Any intermodulation, if it exists, is buried in the

noise and does not appear in the spectra of the tones recorded alone or

mixed with white noise.
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All other channels under both laboratory and en-

vironmental conditions are expected to show similar characteristics, since

no temperature dependence or interchannel variations have been noted in pre-

vious sections of data.

F. Conclusions

Data presented in this report has determined the operating

characteristics of the PAR electronics packages. They have been shown to

have similar characteristics for:

1. Linear Dynamic Range,

I 2. Gain Linearity,

3. Frequency Response,

4. Self Noise,

5. Interchannel Crosstalk,

6. Harmonic Distortion,

7. Frequency Modulation Noise,

8. Intermodulation Distortion.

Optimum record and bias levels have been determined, and the resuits of

these determinations should provide a significant pool of fundamental data

on the PAR systems which will be a valuable tool in the reduction and analysis

of ocean acoustic data.

V. Acoustic Data Capsule (ACODAC) Technical Summary

Modification P00008 called for a refurbishment and an upgrade of two

ACODAC units, to make them similar to the PAR' units. New circuits such as

electronic switching and differential transmission of data were added, and

rewiring was performed as required. Attachment IV of P00008 lists the specific

tasks performed on the ACODAC's. Note these changes:

a. Instead of 9 differential input channels, 13 are available.

b. Instead of 9 preemphasis channels, each ACODAC has 12

available.
c. Modifications of existing data ainps were performed to

return them to the original design (except the error signal

has been disabled).

d. Modifications on relay driver and brake control were

performed to allow for more efficiency with the WHOI time

code generator. Mechanical refurbishment ha3 been per-
formed according to task requirements.
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VI. Summary

i The development and construction of the PAR/ACODAC electronics

and the development of the complimentary software have been completed under

this contract, N00014-75-C-0107. Deployment and results from the sea testing

of the PAR/ACODAC equipment will be reported under Contract N00014-77-C-

0776.
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